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Abstract 
Nowadays, based on remote sensing procedure, satellite multi- temporal and multi- sensor images for change detection purposes 
are considered very important issues in optimal management of environmental and ecological resources. In the current study, 
some different image processing techniques have been accordingly applied in order to determine the rate of forest alterations in 
Arasbaran protected area. The study area is located in the Northwest of Iran and has been announced to be a component 
biosphere resource because of its unique fauna and flora by UNISCO organization in 1976. To achieve the main purpose of the 
study, all existing series of multi-satellite images, observed in years 1987, 1998, 2001, and 2005, have been steadily evaluated 
using ERDAS Imagine software to model the trend of forest changes in the region. According to the initial results, about 6146.9 
hectares of the study area have been deforested throughout the past 18 years. Therefore, a logistic regression model was 
established among different environmental parameters (such as: distance to settlements, aspect, slope, rainfall, and elevation) to 
find the main causes of deforestation in the region. Different digital maps, which were created in a GIS setting, reveal that all 
above mentioned physiographic factors could affect the rate of deforestation in the area, but the distance from the settlements 
must be regarded as the most effective one. At the final stage, to predict the future trend of deforestation, an endangered map was 
produced, classifying the existing forests into three major categories such as: extra critical, critical, and vulnerable areas. All 
valuable results found by the current research could be documented in preventing procedure of the Arasbaran threatened 
woodlands in future environmental informatics management strategy. 
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1. Introduction 
Arasbaran forest is located in the North-west of Iran as a very naturally important bio-geographical region. 
However, in recent years, because of climatic changes and also physical extension of rural areas an extensive 
destruction of forest covers has been detected [1]. This may be caused by fast growing of population and unexpected 
development of human constructions. With availability of multi-date satellite data and temporal resolutions, it is 
now possible to prepare up-to-date and accurate forest maps in less time, at lower cost and with better accuracy [2]. 
The present work has been therefore undertaken to prepare the multi-temporal, multi-sensors and multi-resolutions 
images of Arasbaran forestry protected area using digital remote sensing techniques. Accordingly, sequential steps, 
outlining the current project aims and based on data availability (from 1987 to 2005) forest changes in the study area 
have been targeted.  
There are several applications where satellite based remotely sensed data are being applied, namely forest 
sprawl/growth trends and modeling of land use/land cover [3, 4]. Also, remote sensing techniques offer benefits in 
the field of green change detection and their monitoring analysis [5]. One of the major advantages of remote sensing 
systems is their capability for repetitive coverage, which is necessary for change detection studies at regional scales 
[6]. According to Jensen (1996) detection of changes involves use of at least two period data sets and therefore the 
changes in land use/land cover due to natural and human activities can be observed using current and archived 
remotely sensed data. 
 Nowadays, in Iran destruction of green spaces, particularly in the forest environment is one of the most 
important applications of remote sensing which could be critically linked to human influences or environmental 
changes [7]. 
In Arasbaran region, forests amongst other natural resources have been degraded during the last decades 
continuously. The following factors could be the main causes for such degradation:  
y changing of landuse from forest into pasture, agriculture and countryside build up area , as a result of population 
growth and general land scarcity,  
y cutting down of forests for timber production and wood industries,  
y use of the wood as a source of heat and energy in economically poor area,  
y general degradation of forests caused by industrial growth, environmental pollution, increase in fuel consumption 
and global warming.  
It is apparent that the most significant factor in the destruction of forests is the human activities [4]. For a better 
and sustainable management of such resources researchers have to recognize the following information:  
y site and quantity of deforestation,  
y trend and speed of deforestation, and  
y causes of deforestation  
To consider the above questions, technologies of remote sensing and GIS are regarded faultless tools, as remote 
sensing can be the basis of fast and inexpensive image processing, and the analytical capabilities of a GIS could be 
used for modeling the changes occurred [8, 9]. Consequently, the main aim of the current research is to estimate the 
changes in the forestry areas of Arasbaran and some associated damages which could be estimated, by evaluating 
the impact of different factors in deforestation process occurred. 
2. Study Site 
The study area is located between 38, 40´ and 39, 9´ latitude and between 46, 42´ and 47, 3 longitude in the north 
of East Azerbaijan province, Iran (Figure 1). The area is part of Arasbaran Mountain or Qarada÷, with a varying 
altitude from 256m in the vicinity of Aras River to 2896m above the sea level.  
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Fig. 1. The study area location in the North-west of Iran 
The study area has been announced to be a component biosphere resource because of its unique fauna and flora by 
UNISCO organization in 1976. In this regard, Arasbaran biosphere has been recognized a very significant and 
particular setting from floristic, ecologic, wildlife, cultural resource and landscape point of view. There are 
numerous species of the endemic plants in the study area which reflect the conflict of 3 dissimilar Caspian, Caucasus 
and Mediterranean climates. In Figure 2 illustration of Arasbaran forest landscape and biosphere views are given. 
 
 
Fig. 2. Examples of Arasbaran forest landscape and biosphere outlooks 
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3. Methods 
The satellite images used in this study are two Landsat TM images of 1987 and 1998 and a Landsat ETM+ image 
of 2001 with a general resolution of about 28.5 meters. In addition an image of 2005 IRS satellite, LISS sensor has 
been processed. Simultaneously, all old 1:50000 topographic maps of the Army’s Geographic Organization and the 
new 1:25000 digital topographic maps of the National Cartographic Center of Iran have been used for geo-
referencing of all images at hand. The contour lines of the topographic maps are digitized for the generation of 3D 
maps which represent values of elevation, slope and aspect in the area. Moreover, location of all villages is extracted 
to generate the map of distance from the population centers. As an important environmental, factor rainfall map 
layer is created by interpolation of data from all existing rain observation stations in the region. The detailed 
information of satellite images processed in the current study is list in Table 1. 
Table 1. Detailed information of satellite images processed 
Satellite Sensor Date of Acquisition Bands Spatial 
Resolution (m) 
Landsat 4 TM August,19
th, 1987 NIR, R, G 
(4,3,2) 
28.5 
Landsat 5 TM September,19th, 1998  NIR, R, G 
(4,3,2) 
28.5 
Landsat 7 ETM+ June, 15
th, 2001 NIR, R, G 
(4,3,2) 
28.5 
IRS-P6 LISS-III August, 16th,  2005 (5,4,3) 23.5 
 
According to the present project aims and based on data availability ERDAS Imagine software was primarily 
used for image processing purposes and monitoring of forest changes in Arasbaran protected forestry area starting 
from 1987 to 2005, for an 18 years period [10]. Subsequently, in ArcGIS setting, different digital layers created, 
spatially analyzed and final maps produced. 
The main goal of this study was to reveal forest changes using multi- temporal satellite data, in order to extract 
landuse patterns. Thus, 3 main stages, such as: pre-processing, processing and post-processing procedures have been 
taken to model the rate of forest changes and to map all endangered areas in the study area from 1987 to 2005. 
In pre-processing stage, digital image-processing software ERDAS imagine was utilized for the correction of 
atmospheric, radiometric and geometric errors existing in satellite imageries to reach the objectives of the study [11]. 
In addition, some other techniques such as subsetting (or merging) and objective filtering of imageries were 
introduced to prepare satellite data for the next step.  
In the processing stage, a few methods have been first applied to the data to illustrate the occurred changes 
[12].These include methods that only describe the change areas (such as subtraction and division methods) and those 
that describe the area, amount and type of the changes (such as comparison after classification. Also, ERDAS 
Imagine was used to generate the false color composite, by combing near infrared, red and green which are bands 4, 
3, 2 together for all images. This was done for vegetation recognition, because chlorophyll in plants reflects very 
well to near infrared than the visible [13]. In image classification stage, all landuse classes were defined and 
classified as forest, agricultural, grassland and water body categories [14]. Ground control points obtained using a 
Global Positioning System (GARMIN Colorado GPS) from locations in relation to the classes of the study area was 
plotted on images, which was used to verify the training sites (defined classes) as regards the spectral signature. 
Finally a supervised classification method was performed using maximum likelihood algorithm for creation of 
ultimate landuse maps [6].  
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Fig. 3. Steps were taken to model the forest destruction in Arasbaran Reserve 
In the post-processing stage, final classified maps have been vectorized and entered to the ArcGIS setting [15]. 
Then, a regression model was applied to model relations between independent variables such as: distance to 
settlements, aspect, slope, rainfall, and elevation with forest changes (as dependent variable) has been defined based 
on observations. These observations are in fact a set of values measured or observed for the dependent and 
independent variables. By specifying and calibrating the final model, the unknown value of deforestation were 
calculated and predicted on the basis of some related recognized environmental factors. It should be noted that 
Logistic Regression Model, was introduced to find the probability of membership in two contradictory classes, such 
as a forest area being either stable or destroyed. In figure 3 all procedures which were taken to model the forest 
destruction trend in Arasbaran protected forestry area, are shown. 
Also, a logistic regression model, as a special type of regression model, was used to assess the probability of 
membership in two contradictory classes, such as a forest area being either stable or destroyed [16]. It should be noted 
that the logistic regression can be used to determine the probability of any of the two possibilities (classes) 
identically. A logistic regression model is usually of the following type equation:  
Log it (p) = a +b1x1 + b2x2 + b3x3,       (1) 
where ‘p’ is the dependent variable and shows the probability of one of the two conditions. Dependent variables 
of ‘x1’, ‘x2’ and ‘x3’ represent the factors defining the phenomenon and ‘b1’, ‘b2’ and ‘b3’ are their coefficients: ‘a’ is 
the additive coefficient.  
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4. Results 
According to the main objectives of current study, first multi- temporal satellite data were geo-referenced and 
then processed in order to extract the main landuse changes. Accordingly, ERDAS Imagine software was applied to 
generate 4 false color composites, by combing near infrared, red and green which are bands 4, 3, 2 together for 
Landsat and 5, 4, 3 bands for IRS-P6 images (Figure 4). 
 
 
Fig. 4. Satellite images of Arasbaran Forest Reserve processed for different time periods 
One of the classic methods for change detection purposes is to compare the results of classification of satellite 
images. In this regard, first, the images of different time periods could be classified according to the purpose of 
change detection [17]. Subsequently, by overlaying the classified images with a proper overlay condition, it is 
possible to determine the location and amount of any changes occurred. To determine the deforestation in the 
Arasbaran forest protected area, only 4 classes that considered were the forest, agriculture, pasture and water body 
landuses (Figure 5). All images are accordingly classified using the Maximum-Likelihood method, having the 
overall accuracy about 89 percent and Kappa index of nearly 84 [18]. 
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Fig. 5. Landuse of Arasbaran Forest protected reserve for different time periods 
By overlaying the final results of classifications, all maps of the occurred landuse changes for 3 time periods 
(such as 1987-1998; 1998-2001 and 2001 – 2005) are modeled, as are shown by Figure6. From these maps, it can be 
realized how the landuses in different time series have been changed from one to another. In addition, the pattern 
and spatial distribution of the landuse occurrence is appropriately illustrated [19]. Additionally, it can be seen where 
the forest and non-forest classes have been stable and where the greatest changes happened [7]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Change detection maps for agriculture (AG); forest (FO); pasture (PA) and water (WA) the main landuse classes of Arasbaran Forest 
Reserve, regarding 3 time periods 
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Additional detailed information of the main landuse changes for Arasbaran Forest Reserve is listed in Table 2. 
Table 2. Main land use changes for Arasbaran Forest Reserve (area in hectares) 
2005  2001  1998  1987  Year  
Percent Area  Percent Area  Percent Area  Percent Area  Landuse 
24.4 19727.629.6 23956.630 24278.332 25874.5Forest 
72.7 58836.467.7 54764.267.4 54495.965.7 53203.7Pasture 
2.3 1886.8 2.1 1724 2 1674.5 1.7 1369.7 Agriculture 
0.6 442.9 0.6 448.9 0.6 445 0.6 445.8 Water 
100 80893.7100 80893.7100 80893.7100 80893.7Total Area 
 
As Figure 7 shows, in the Arasbaran Protected Reserve, the amount of changes in the 3 main landuse classes is 
greatly meaningful during the time considered. In case of deforestation, it is noticeable that from 1987 to 2005 about 
6146.9 hectares of forestry area was reduced, while pasture and agriculture landuses have been increased. There are 
not meaningful changes in water landuse class. 
 
 
Fig.7. Amount of  landuse classes’ changes in Arasbaran Protected Reserve 
Inside of the study area, the map of deforestation is given by Figure 8 that spatially exposes the exact locations of 
forest changes from 1987 to 2005.  
 
 
 
 
 
 
 
Fig. 8. The map of spatial deforestation in the study area, from 1987 to 2005 
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In addition, a logistic regression model was introduced among the dependent variable (forest changes) and some 
of independent variables (such as: elevation, rainfall amount, slope, aspect and distance from rural areas) based on 
field observations. About 10 present of observations are measured or observed for the dependent and independent 
variables. After the model calibration, it was found that forest changes in the study area could be predicted based on 
the equation2: 
8675.9)(0052.0)(0031.0)(0068.0)(0027.0)(001.0)(log  rainslpelvaspdispit     (2) 
Modifying the equation 1 the probability of deforestation could be given by the equation 3:  
)(0052.0)(0031.0)(0027.0)(0068.0)dis (0010.08675.9
1
rainslpaspelve
p
p                 (3) 
In equation 3 the parameter 
p
p
1
 expresses the likelihood (chance) of deforestation in the study area.  
In the final stage, in ArcGIS setting, all of important effective digital layers such as: deforestation map of 1987 to 
2005, distance to the rural areas, elevation, aspect, slope and rainfall maps were constructed geo- referentially and 
fitted for the study area. Then, after weighing the data, a raster overlaying function was applied to all map layers. 
The result of this stage could be prearranged as an endangered map of Arasbaran forestry reserve, presenting 
possibility of future deforestation in 3 dissimilar circumstances such as: extremely critical, critical and vulnerable 
areas (see Figure 9).  
 
Fig. 9. Future endangered deforestation map of Arasbaran Forest Reserve 
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5. Conclusions 
The purpose of this study was to examine the destruction of the Arasbaran Forest Reserve during the period from 
1987 to 2005. For this reason, some of image processing and change detection techniques have been used for 
detecting of landuse changes with Landsat TM and ETM+ and IRS-P6 (LISS III) imageries. Preliminary result 
indicates that 6146.9 hectares of the study area has been deforested throughout the past 18 years. Comparing 
categorized imageries could specify replacing forest category with a merging pasture and agricultural lands, starting 
from 1987 to 2005. The following remarks could be made from the current study: 
y There is a clear dependency among deforestation and introduced independent factors, such as: distance from 
villages, elevation, slope, aspect and rainfall amount in the study area. 
y By moving away from the population centers the stability of forests increases. This is because, in the vicinity of 
rural community, the forests are cut down mainly with the intention of using the land for agriculture, grazing and 
using the wood as fuel.  
y In the areas with higher elevation forest is more stable. This is partly because in high areas the environment in 
general is cleaner and more intact. The higher the area, the lesser suitable it is for agriculture and the more 
difficult it is to access for people. Slope and aspect factors as important altitude parameters have a significant role 
in deforestation in the study area. The inclines and hills toward south get more sunlight and therefore are more 
suitable for agriculture. On the other hand, the north and eastward directions are enjoying the humidity coming 
from Black Sea and Caspian Sea air masses. 
y There are many other factors that might be relevant to the deforestation in the Arasbaran Reserve and they are not 
covered in this study. Examples of such reasons are: soil erosion, wood syndrome, bush fires and climate change 
scenarios. 
Performing the change detection analysis on images for the Arasbaran Forest allowed for the monitoring of 
decreasing forestry areas over the time considered. Final models provide beneficial insight into the extent and nature 
of changes that have taken place in the study area from 1988 to 2005. Consequently, the current research left a 
foundation for further research to be conducted, encountering development and vegetation changes by illustrating 
the importance of satellite imagery, with reaching to 89 percent accuracy. In future research to exploit more precise 
environmental information, an object-based image analysis (using eCognition and Definiens Professional softwares) 
could be accordingly applied for monitoring of exact changes over time and space by evaluating some high 
resolution SPOT images. 
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